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STABILIZATION OF THE SOLVENT not be used because ol the instability of the solvent
METHYL-N -AMYL KETONE (MAK) methNl-n-amyl ketone (MAK). However, the need to
IN VINYL PAINTS replace the solhent 2-nitropropane caused renewed

interest in formulation No. 1253.

Some preliminary investigations conducted bN
INTRODUCTION CERL and by Eastman Chemical, the manufacturer

of MAK, revealed that the instability resulted when
oxidation of the solvent produced an acidic condition.

Background One of the acids identified was 2-ethyl hexanoic acid:
The U.S. Army Corps of Engineers uses special however, its presence could not be explained through

formulation vinyl paints to protect many of its locks normally expected chemical reactions. Further work
and dams from corrosion. Although there are many showed that peroxide inhibitors and reactive chain
special formulation paints, the most common is V- inhibitors appeared to be effective forms of stabiliza-
766 (see Appendix A). V-766 is available in two tion, but were not completely successful. It .as
forms: V-766e for most routine painting, and V- therefore decided to conduct an in-depth study of the
766e(AP) for use where state or local air pollution acidity of the solvent MAK.
control regulations control the use of paints contain-
ing photochemically reactive solvents. The chief Objective
solvent in the V-766e(AP) paint is a nitroparaffin The purpose of this study is to devise a way to
solvent containing 2-nitropropane. eliminate the formation of acids during storage of

vinyl paint by controlling the acidity of MAK. either
In 1980, the U.S. Department of Labor's Occupa- by adding a stabilizing agent or by changing the

tional Safety and Health Administration (OSHA) manufacturing process.
and the U.S. Department of Health and Human
Services' National Institute for Occupational Safety Approach
and Health (NIOSH) published ajoilit Health Hazard First, the mechanism of MAK breakdown and acid
Alert.' This alert stated that 2-nitropropane is a formation had to be ascertained: then, based on the
confirmed animal carcinogen and a potential human mechanism discovered, a method of controlling or
carcinogen. The Corps of Engineers' initial response eliminating the acid formation would be determined.
was to inform all Division Engineers and laboratories As one practical chemical means of control, stabilizers
of the problem and stress the need for the use of chosen on the basis of the MAK breakdown mecha-
personal protection equipment and procedures and nism would be evaluated for effectiveness and for
physical examinations. To solve the problem over the compatibility with the paint formulation.
long term, the Corps requested that the U.S. Army
Construction Engineering Research Laboratory The first step in solving this problem was to
(CERL) evaluate coatings for replacement of 2- identify the impurities in commercial MAK. Next.
nitropropane with a solvent that is nontoxic, en- purified MAK, prepared by distilling commercial
vironmentally safe, and meets performance standards. M AK. was reacted under various conditions. l)euter-

ated MAK was then used to confirm the proposed
CERL has conducted many background studies of mechanism of the reaction which produced the acid.

vinyl paints. One recent study2 reports CERL's This information was then used to choose inhibitors
evaluation of formulation No. 1253 (see Appendix of acid formation. These inhibitors were tested under
B).This material was found to have excellent applica- conditions that produced the impurities normall%
tion, performance, and safety properties, but could found in acidic MAK. The best of these inhibitors

were then tested in paint formulations for acid
formation and for adhesion and tendency to blister.

Health tta:ard Alert. Publication No. 80-142 (Occupational
Salet and Health Administration and the National Institute for Mode of Technology Transfer
Occupational Sact and Health. 19801. It is recommended that formulations developed by
A Beitelman and R. [.ampo, Prelinnitri S eleit:,,n ol (or- this study be incorporated into Ciil Works Guide

putitleh Solvepir .or inil Paint%. Special Report M-261
ADA067708 (U.S. Arm', Construction F.ngineering Research Specification CW 09940. Painting: Htdraul- Strtu-
Laboratory. 1979). lures and Appure nant H'orkN.
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2PROCEDURE conditions outlined in the previous section for re-
action of purified MAK. The reaction products were
analyzed by GC/MS.

Identification of Impurities in MAK
The impurities in commercial MAK were extracted The purified MAK was then reacted with the

with acid, basic, and neutral solutions. The impurities following organic acid catalysts: acetic acid, butyric
tested for included water, esters, organic acids, and acid, formic acid, hexanoic acid, 2-hexanoic acid,
organic bases. The extracts were neutralized and high acid number MAK, and pot residue from
analyzed, primarily by gas chromatography/ mass distillation of MAK. The reactions were run as
spectrometry (GC/MS). Selective extraction and before, except that oxygen was used instead of air.
concentration allowed identification of the trace (100 The reaction conditions were: 5 mL MAK purified by
ppm and less) organic materials present. distillation and 0.010 mL catalyst ("Bad"* MAK,

organic acid). The reactants were sealed in a 125-mL
Reaction of Purified MAK flask after being flushed with "chemical purity"

A large batch of commercial MAK was purified by oxygen and held at 60'C for 100 hours. The reaction
means of a spinning-band distillation apparatus. products were analyzed by GCi MS.
Using GC/ MS analysis, the product was found to be
greater than 99.9 percent pure (see Figure 1). The Reaction of Deuterated MAK
purified MAK was then reacted under acid, basic, The deuterated MAK was reacted, using "Bad"
neutral, and metal-catalyzed conditions. The inten- MAK as a catalyst, and employing the same pro-
tion of this step was to duplicate, in a laboratory cedures used for the purified MAK. Deuterated
setting, the formation of impurities found in com- MAK (d5 1, 1,1.3.3-2-heptanone). was obtained which
mercial MAK. The catalysts used were: would be specific for reaction at either side of the

ketone group. The Jeuterated MAK was reacted
I. Acid catalyst-0.100 mL I Normal H2SO 4 in under conditions that produced the impurities found

ethanol in commercial MAK. The reaction products were
analyzed by GC/ MS. The reaction conditions were: I

2. Basic catalyst-0.100 mL I Normal KOH in mL MAK and 0.010 mL of catalyst. The reactants
ethanol were sealed in a 125 mL flask being flushed with

"chemical purity" oxygen and held at 60'C for 100
3. Neutral-nothing added hours.

4. Metal catalyst- 100 mg metal from storage can Determination of Inhibitor Effects
(Fe). Distilled MAK was reacted with "Bad" MAK as a

catalyst in the presence of various inhibitors. The
The reaction conditions for the acidic, basic, and reaction conditions were I mLdistilled MAK,0.1 mL
metallic catalysts were: 10 niL MAK purified by "Bad" MAK, and 100 ppm of inhibitor.
distillation, 0.10 mL I normal catalyst or 100 mg
metal, and 0.100 mL water (if used). These catalysts The reactants were placed in a 12u-mL vial which
were each added to the MAK under the following was flushed with oxygen, sealed. andplacedina60'C
three sealed conditions: dry air, dry air plus 0.100 mL water bath. Duplicate samples were run, and the
water, and dry nitrogen. To speed the reaction, the reaction was terminated at 100 and 500 hours by
samples were sealed in 25-mL glass ampules and freezing the samples. The samples were analyzed by
reacted at 60°C for 100 hours. The samples were gas chromatography and the results confirmed by
cooled to below room temperature, opened, and then GCJ MS.
analyzed by GC' MS.

Ethanol was chosen as one of the inhibitors to see if
A second set of reactions was set up using MAK the production of peracid could be stopped. Ethanol

with a high acid number as a catalyst. Purified MAK is normally used as an oxidation inhibitor in ethers to
was catalyzed with 0.01 percent high acid numbei prevent peroxide formation. The level of ethanol
MAK and refluxed for 16 hours. The reaction was
repeated with the addition of a trace (0. 1 percent) of
water. These reactions were repeated, using the *High acid MAK.8J
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used was 2 percent of the MAK. 'Ihe reaction Table I
conditions %ere the same as used lor the other (hromatogram Results
inhibitors.

Attached RI( Scan Number

Testing Effects of Inhibitors on Paints (From Figure 2) ompound

I o determine any adxerse effects of the inhibitors, 2 1-ormic acid

paints were made up according to formulation No. 13) -ormic acid. mCh\1 cetcr

1253 (see Appendix B). The following levels of 231 Propanoi

inhibitor were added to samples of the paint formula- 414 2-cih . hcxanol
494 Meth', luran

lion: 73h 2-hexanonc
77K Acetic acid

I. Ethanol 2 percent on MAK. 791 'entanoic acid
971 2-heptanone ( MA K)

2. H'droquinone monobenzyl ether--- 100 ppm on 053 2-th.) hcxanoic acid

paint. commercial MAK showed that several compounds

3. 22'-Bis(4-hy droxyphenyl) butane- 100ppmon were present. The reconstructed GC MS ion chro-
paint. matogram (RIC) is shown in Figure 2, and each

compound's position in the chromatogram is given in

Table 1.
4. 2.4.6-Tris(dimethylaminoethyl) phenol-- 100

ppm on paint. Reaction of Purified MAK
The paint formulations were applied to a 3- x 5-in. The formic, acetic, and pentanoic acids could beThe ain fomulaion wee aplie toa 3-x 5in. the reaction products of oxidation. Fhe other com-

sheet of steel to test for adhesion and for blistering in the re su oxi a [ er cm-
water. In addition, a 2-mL sample of each formula- pounds could be the results of a rearrangement

reaction. The alcohols and the 2-ethylI hexanoic acidlion was placed in a 125-mL viaL. flushed \kithton, aplaed n aed by vla gial, fs wthr could indicate that either a Claissen condensation
oxygen, sealed, and aged by placing in a 60 C water recinoaCnizroectnocuedTots

reaction or a Cannizzaro reaction occurred. To test
bath for 300 hours. These pain.s were then analyzed this hypothesis. a series of reactions was set up in
for acetic and pentanoic acids by GC and GC MS. ti yohss eiso ecin a e pi

which the purified MAK ,as first catalyzed and then
uncatal~vzed.

GC/IMS Analysis Conditions
The following conditions were used to analyze the Purified MAK was reacted under acidic, basic.

reaction mixtures: Prfe A %sratdudraii.bsc
neutral, and metal-catalyzed conditions. There was
either essentially no reaction or no reaction that led

C'hronatographic ('ondiion.. to the formation of organic acids: however, conden-

sation products. such as niethyl furans and methy I
0.25-mam x 30-i fused silica capillary column. p ~rans. were formed. The presence of moisture in to

helium flow of 25 cc second sets of reactions reduced the production of condensa-

tion products. There %%as no detectable 2-ethvl
50°C initial temperature for 4 minutes. then 8°C hexanoic acid or aldehyde at the method detection

per minute up to 210°C and held for 20 minutes. limit of 10 ppm. When the experiments xere repeated.

the results were the same. The original assumptions
Ma. .Spetrogralhii ('onditin. of a Claissen condensation or Cannizzaro reaction

were therefore disproved.
Electron multiplier, 1905.888 V; electron energy.

70 eV. emission current. 0.5 mA: ion energy 9.02 V. In an attempt to duplicate the formation of acids in

MAK. "Bad" MAK was used as a catalyst in a
preliminan experiment. Purified M AK % as catalyzed

31RESULTS AND DISCUSSION with 0.01 percent "Bad" MAK and refluxed for 16
hours. Analysis of the MAK after reaction showed
the presence of formic, acetic, and hexanoic acids.

Identification of Impurities Although pentanoic acid %as found to co-clute with
The initial GC, MS t , of the impurities in the MAK under the chromatographic conditions

10
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used, it could still he detected bs thle rise o1 ion \io product% %%ere formed that could be dens edlitorn
mlonillot Ing of) tile 6Cit NI S (see I able 2). Wh'len 2-ctl hx I hexanoic acid ort aldch~ de. nor Acie ail%
puntied MIAK %%t, as elluxcd for 16 hours sAitli Had' compounds detected that could be considered pie.
NI .K pils a trace of u'atet. eseltci les organic acids cursors 01 these compounds. I hcse results indicate

reVf Produced Anals sis of putfed MIAK ietluxed thiat the 2-ethi\ 1-hexs l dcrisatires s crea.liead% present
fill 16 hoIus %s ithou ta catalh st sho\%cd that nio acids in the commercial MAK. I hecse unusual materials
%%ere Pr oduced, \%ould be easil% detected and \%ould tend ft ohscure

the formation itt other less easil\ detected acids (e.g.,
Whlen these procedures s% etc icepeated uinder the pentanoic). I here s\%as no indication of a Claisseti

cont rolled cond it ions used in the pre\ ious dcgrada- condensation reaction taking place. since no high
lon experinients,.tl-- %~ ilded thle si ie organic acid% molecular %%eight compounds mere present. Ihet e
pre\ iousl\ prod uctd %%ias also no es idence ot a (anni/a to react ion, sinc

none ot the alcohols, that it should r od ucc\%c
l o increase the speed .% ilh \x hich ot ganlic acids found.

formed in these experimtlclal react ions, thle reactitort
\ials %%ere tilled ss ith oxs get' instead ot air. filie I he results ofthese reaction% indicate that the acid
reaction iusinig-BHad" NIAK as a catalsst sas re-peated. formation is anl oxidation reaction catals ied b\ the
arid organic acids \%ere detected in the final reaetion organic acids tound in thre commercial MI AK I he
mixture. I he reactions \kere repeated. using "Bad" reaction is auto-catal~tc. since the products borined
M AK. acetic acid. huts ric acid. formic acid. hexanoic are thle catal~sts for further reaction. I hatl this
acid. 2-hexanoic acid, and potl residue from the reaction is eatal\ied b\ organic acids in general. and
distillation of NIAK. respectisel\, as catalhsts. Puri- not specificall\ those detected in the MiAK. \%as
tied MIAK ss ithout at catalsst %iias alSo run as a demonstrated b\ the abilit\ of' huts ne acid and 2-
control. hexanoic acid to eatatwe the breakdokn o1 MAK ito

organic acids.
I here \% as almost no acid tormation \khen formic

avid \%as used as acatalxst. "'lien no acid catalist "its Reaction of Oeuterated MAK
used, the control reaction produced no acids: how- When reacted with "Bad"~ MAK its a catalsst. the
exer. organic acids \%ere found %% hen acetic acid. deuterated MAK produced deuterated acetic acid
htt nc acid. hexanoic acid. 2-hrexanoic acid. "Bad" (see Figure 3) and nondleuterated pentanoic acid (see
MAK. and pot residue suere used as catalysts. Figure 4). This would confirrn an oxidation reaction

that takes place \%ith loss of the hydrogens alpha to
Acetic and pentanoic acids comprised the majority the canbon\ I group on the 3-position of'2-hept anone.

of acids produced in these reactions. Formic acid and Thleref'ore, a change to a ketone solsent that does not
hexanoic acid were present. but at at much lower level. haxe alpha hydrogens would reduce acid formation.

Table 2
Producti of Reaction

Acidsi Detected*

(atasl IF tormic Acid Acetic Acid Pentanoic Acid Ite~anoic Acid

ttigh AXcid MAK I

Btil tic Acid I 'I
tIirmiic Ac~id P tt

ftexanoit Acid 1 I'
2-tie Sd fow Ac.id tI
t'oi Resliut'

*Ni2-eih\Ihessl piotduicr, %%etc detected,

12
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Mechanism of Acid Formation O o
Figure 5 shows the mechanism of acid formation II I1

via organic acid catalyses. This shows oxidation of CHCH:-CH.-CH--CH:-C--CH, + 2 R'C-O-OH

the organic acids to the peracid, which then oxidizes R

the methyl ketone to diketone, which further breaks 00 0
II III

down into pentanoic and acetic acids. Although no R-C-C-CH + 2 R'-C-OH + HO
diketone was detected in the final reaction mixture, o0
this reaction is consistent with the following evidence: i 1 ii

1) R-C-C-CH, + R C-O-OH + H:O-

I. No organic acids are formed in MAK without 00 0
II tlIi

an organic acid being present as a catalyst. R-C-C-CH, + R ( -OH + [H.110-

2. The reaction is not catalyzed by inorganic acids. 00 0

3. With organic acids present, there are no break- R-C -CH, + R'-C-OH

down products detected which would indicate a [H H]

reaction at other than the ketone group and at the 0 0 0
II II II

carbon with hydrogens alpha to the ketone. R-C-0H + CH,-C-OH + RL(-OH
+ + +

4. Reaction of d1.1,1 ,3.3-2-heptanone produces
pentanoic acid and d., 1, 1, 1-acetic acid. No deuterated and, or00 0 0
pentanoic acid was produced. H 1 o o

2) R-C-C-CH, + R-CH:-C-CH, + 3 R-C-00-H -

5. The reaction products are predominantly pen- 0o 00 0
tanoic and acetic acids, not hexanoic and formic 11 II Ii II 11

adR-C-OH + CH,-C-OH + R-C-C-CH + 3 RlC-OlHacids. + + +
0
11

6. The addition of water, which would reduce the R'-C-OH is any organic acid (organic acid catalyst)*
presence of peracids, decreases the formation of 0
organic acids. I1

R-C-OH is pcntanoic acid (reaction product)+

Results of Inhibitors Testing 0
II

Tables 3 and 4 list the inhibitors which were tested. CH,-C-OH is acetic acid (reaction product)++

From the initial acid formation at 100 hours, and the
rate of acid formation from 100 to 500 hours, the Figure 5. Mechanism of acid formation.
three best inhibitors were found to be:

I. Hydroquinone monobenzyl ether 2. Dimethylaminoethyl phenol

2. 2,2'-Bis(4-hydroxyphenyl) butane 3. N-phenyl-2-naphthylamine

3. 2.4,6-Tris(dimethylaminoethyl) phenol. All of these compounds appear to be radical in-
hibitors. This indicates that a free radical intermediate

These inhibitors are the best when the results of may be involved in the acid formation reaction.
formation and reaction rate studies of acetic and
pentanoic acid are compared. No inhibitor will When ethanol was tested as an inhibitor, the results
eliminate acid formation indefinitely; use of a good (see Table 5) indicated that:
inhibitor with a low acid number MAK should
significantly lower the acid formation level. Other I. Without a catalyst, there is an induction period
inhibitors which appear to be good in one system before the reaction of acid formation occurs.
only are:

2. The rate of acid formation starts out slow but

I. Hydroquinone monomethyl ether increases with time.

15



Table 3
Inhibitors, Acetic Acid Results

Acetic Acid
Formed After Reaction

Inhibitor Reaction for* Rate"

t0 hs SOO hrs

2.2-Bis(4-h) drox) phen) Obutanc .26 .245 0

2,5-Dil t-am, l)hydroquinone .275 1.25 .24

Hydroqumone monobcnzyl cthcr .23 .245 .004

Hydroquinone monomethyl ether .23 .245 004

4-Methoxy-2.6-di-t-butylphenol .27 .86 Is
Thiobis-4di-sec-amylpheno|) .28 .86 .15
4.4"-Thiobis-(2-t-butyl-o-mch% Ilphenol) .315 1.38 .27
Thiobisphenol .32 1.61 .32
2,6-t-Di-butyl-a-dimethy|amino-p-cresol .24 1.09 .21I
Dimethylaminomethylphenol .25 .26 .003
2,4.6-1 risldimethylaminoethyl)phenol .25 .50 06
6-Tert-butyl-m-cresol and sultur dichloride rxn. product .32 1.59 32
N-pheniyl-2-naphthylamine .25 .25 0
Polymerized 1,2-dihydro-2.2.4-trimeth)1quinoline .27 .89 . I6

Dilauryltihiodipropionate .40 2.06 .42
Epoxidized soybean oil .32 2.32 .50

2-Mercaptobenzothiatole .51 6.2 142
2.4-Dihydroxybenzophenone .32 2.3 .50

Hexamethylphosphoric triamide .29 1.38 .27

BHT (2.6-ditert-buty1-4-met hylphenol) .24 1.84 .40

Ten-butyl hydroquinone .36 1.17 .20
.30 212

No inhibitor .28 2.23 .47
ND .97

No inhibitor+ no "Bad" MAK .12 1.15 .25

*mg mL

"Acid Formed from l00toSOO hours Acid Formed (mg, 100 hours)
400 hours X 100 =mg 100 hours

ND - Not Detected (<0.05)

3. After 500 hours, there is still less acid than in the nonadhesion was noted, so it was concluded that the
control, inhibitors are not deleterious to the paint.

4. The reaction rate is slower when ethanol is The painted steel coupons were scored diagonally,
present. replaced in water for 3 weeks, and examined again.

Oxidation had occurred where they were scored, but

In this series of reactions, another batch of purified no blistering or nonadhesion was noted on any of the
MAK was used that assayed at 99.8 percent M AK by painted areas.
GC/ MS. This could account for the differences in
reaction rates between the inhibitor and the ethanol Analysis of the aged paint sample for acetic and
studies. After reaction, the MAK contained a large pentanoic acids by GC/MS (see Table 6) showed
quantity of esters, that:

Results of Paint Analysis I. Although distilled MAK was used, there was
The paints were made, applied to steel, and air- still acid formation.

dried for 24 hours. The films formed on the steel were
very good. The painted steel was placed in water for 2. The inhibitors significantly reduced the amount
72 hours, removed, and examined. No blistering or of acid formed.
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Table 4
Inhibitors, Pentanoic Acid Results

Pentanoic Acid
Formed After Reaction

Inhibitor React ion* Rate"

100 hrs 500 hrs

2,2-Bis(4-hydroxyphenyl)butane .18 .33 .03K
2.5-Di(t-amyl)hydroquinone .21 1,28 .27
Hydroquinone monobenzyl ether IS% .31 .033
Hydroquinone monomethyl ether .19 .40 .053
4-Nlethoxy-2,6-di-t-butylphenol .21 -6K .12
Thiobis-(di-sec-amylphenol) .26 1.16 .23
4,4'-Thiobis-(2-t-butyl-o-methylphenol) .210 1.83 .41
Thiobisphenol .24 1.63 .35
2.6-t-Di-bu*.yl-a-dimethylarino-p-cresoI .36 1.36 .25
Dimethylaminomcthylphenol .25 .47 .055
2.4.6-Tris(dimethylaminoethyl)pheno .25 .35 .025
6-Tert-butyl-m-cresol and sulfur dichloride rxn. product .26 1.68 .36
N-phenyl-2-naphthylamine .27 .46 .048
Polynmerized l.2-dihydro-2.2,4-trimethylquinoline .22 .76 .14
Dilaurylthiodipropionate .43 2.45 .51
Epoxidized soybean oil .27 2.77 .63
2-Mercaptobenzothiazole .52 6.55 1.51
2.4-P~iit roxybenzophenone .27 2.48 .55
Hexamethyipbosphoric triamide .21 1.26 .26
BHT (2.6-dif!r!-h~ityl-4-methylphenol) .20 2.24 .51
Tert-butyl hydroquinone .40 1.46 .27

.32 2.22
No inhibitor .20 2.48 .52

ND .69
No inhibitor+ no "Bad" NIAK ND 1.40 .26

*mg/ nL

O*mg acid formed 100 hours (from 100 to 500 hours reaction tinse) at 60'C

ND Not Detected

Table 5
Ethanol Reaction Series

Acetic Acid Pentanoic Acid

100r Os 00 rs rate 100 brs 500 hrs rale

No ethanol, no catalyst ND 2.45 .61 ND 2.95 .74
Y' Ethanol, no catalyst ND 1.55 .39 ND 1.60 .40
20

/, Fthanol. "Bad" MAK .22 2.35 .53 .20 2.45 .56
No ethanol. "Bad" MAK .46 2.85 .60 .52 3.00 .62

Omg, ml.

**mg acid formed 100 hours at W00 C

ND not detected
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Table 6
Results of Paint Analysis

Acetic' Pentanoic*

Acid Acid

No inhibitor 133 118
21, tthanol based on MAK) 83 72
10 ppm H.droquimone nionobcn.lI ethei X9 318
100 ppm 2.2"-Bls(4-hydrox.phenvl) butane 74 36
lot) ppm 2.4.6-I ris dimethlaminoeth.l) phenol 104 68

*mg nit alter 30 hour, at 60 C based on MAK

3. 2,2'-Bis(4-hydroxyphenyl) butane was the best factured paints, it is recommended that a testing
inhibitor tested. program be initiated using low acid number MAK

and inhibitors in the paint formulation. This would
allow comparisons under normal storage conditions.

A CONCLUSIONS AND
RECOMMENDATIONS APPENDIX A: CORPS OF ENGINEERS

VINYL FORMULATIONS*

Analysis of commercial MAK showed the presence
of acetic acid, formic acid, 2-ethyl hexanoic acid, Vinyl-Type White (or Gray) Paint
pentanoic acid and other trace compounds. which Table A]
occur when the MAK is synthesized. Reaction of Formula V-766e
purified MAK indicated that an increase in acid
content is caused by an auto-catalytic oxidation Ingredients Percent b) %eight
reaction, which oxidizes MAK to acetic and pentanoic
acids. Such a reaction is reduced, but not eliminated, Vinyl resin. Type 3 5.6

Vinyl resin. Type 4 11.6
by using purified MAK. The reaction is also reduced Titanium dioxide and (for gray) carbon black 13.0
by free-radical and peroxide inhibitors. The best Diisodecyl phthalate 2.9
inhibitors were found to be ethanol, 2,2'-Bis(4- Methyl isobutyl ketone 32.0

hydroxyphenyl) butane, hydroquinone monobenzyl Toluene 34.7

ether, and 2,4,6-tris(dimethylaminoethyl) phenol; Orthophosphoric acid 2

however, no inhibitor will eliminate acid formation
indefinitely. None of these compounds is deleterious 000

to the paint.
Table A2

Since it is impossible to eliminate acid formation in Formula V-766e(AP)
MAK completely, acceptance of MAK with the
lowest practicable acid number possible would reduce Ingredients Percent bi Weight

acid formation. The use of the inhibitors listed above, Vinyl resin. I y~pe 3 5.4
together with low acid number MAK, should reduce Vinyl resin, Type 4 11.1
acid formation rate to an acceptable level. Titanium dioxide and (tor gray) carbon black 12.5

Diisodecyl phihalate 2.9

Since the oxidation reaction involves alpha hydro- Toluene 11.2

gens, a change to a ketone solvent that does not have Nitropropane sohent 48..0
Methyl ethyl ketone 8.7

alpha hydrogens (t-butyl methyl ketone, if possible) Orthophosphoric acid 0,2
would reduce acid formation.

10
In this study, all reactions were accelerated by

elevating the temperature of the reaction. Since this *text taken lrom Paintnn Hidrut, Srrt and 4;,
study did not compare the reaction rates at tempera- puroenant IlA, 1. (il ork, Construction Guide Specilication

tures more typical of those used for storing manu- CW-09940 101hcc tit the Chicl I igincers. August 19811
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Ingredient Materials and Thinners for Special Paint Methyl Isobutyl Ketone (MIBK) shall conform to
The following ingredient materials apply only to ASTM Designation: D 1153.

those paints whose formulations are shown in Tables
Al and A2. Methyl Isoamyl Ketone (MIAK) shall be of at least

97 percent purity, shall have a distillation range of
Pigments 139' to 149°C, and shall have specific graitN (at

20, 20°C) of 0.812 to 0.815. The acidity in I gram of
Carbon Black. Carbon black shall conform to the material shall be neutralized by not more than .20

ASTM D 561, Type 1 or !1. milligrams of potassium hydroxide.

Titanium Dioxide. The titanium dioxide in vinyl Nitropropane Solvent shall have a distillation
paint Formula V-766e shall be one of the following: range of 1191 to 1 13°C and shall have a maximum
Titanox 2160 or 2101, Titanium Pigment Corp.; Ti- acidity of .2 percent (calculated as acetic acid). Nipar
Pure 960, E. 1. Dupont DeNemours and Co., Inc.; S-30, manufactured by Commercial Solvents Corp.,
Unitane OR-650, American Cyanamid Co.; Zopaque has these properties.
R-88S, Glidden Pigments.

Toluene shall conform to ASTM D 362.
Resins. Plasticizer

Thinner ME-80 shall consist of 80 percent (mini-
Diisodecyl Phthalate shall have a purity of not less mum) methyl ethyl ketone (MEK) and 20 percent

than 99.0 percent, shall contain not more than 0.1 toluene by volume.
percent water, and shall have an acidity (calculated as
acetic acid) of not more than 0.005 percent by weight. Thinner NP-10 shall consist of 67 percent nitro-

propane solvent, 15 percent methyl ethyl ketone, and
Vinyl Resin, Type 3. Vinyl resin, Type 3, shall be 18 percent toluene by volume.

vinyl chloride-acetate copolymer of medium average
molecular weight produced by a solution polymeriza-
tion process and shall contain 85 to 88 percent vinyl
chloride and 12 to 15 percent vinyl acetate by weight.
The resin shall have film-forming properties and APPENDIX B: FORMULA No. 1253
shall, in the specified formulations, produce results
equal to "Vinylite" resin VYHH, as manufactured by Material Percent by Weight
the Union Carbide Corporation.

Vinyl resin type 4' 12.2
Vinyl Resin, Type 4. Vinyl resin, Type 4, shall be a Vinyl resin type 3 6. I

copolymer of the vinyl chloride-acetate type produced Diisodecyl phthalate 3.1
by a solution polymerization process; it shall contain Titanium dioxide2 14.0
(by weight) I percent interpolymerized diabasic acid, MPK 32.2
84 to 87 percent vinyl chloride, and 12 to 15 percent Toluene 11.6
vinyl acetate. The resin shall have film-forming Orthophosphoric acid 0.2
properties and shall, in the specified formulations,
produce results equal to "Vinylite" resin VMCH, as oo.0
manufactured by the Union Carbide Corporation.

Orthophosphoric Acid shall be a chemically pure 'Union Carbide Vinylite VMCH.
85 percent grade. 2Union Carbide Vinylite VYHH.

'Titanium Pigment Corporation Titanox 2062.
Solvents and Thinners

Methyl Ethyl Ketone (MEK) shall conform to the
ASTM Designation: D 740.
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